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LQFUHDVLQJWKHVWUHQJWKRIQRQKHDWWUHDWDEOHDOOR\V 0DJQHVLXPLVWKHPDMRUDOOR\LQJHOHPHQWLQWKH[[[VHULHV
RI DOOR\V ,WVPD[LPXP VROLG VROXELOLW\ LQ DOXPLQLXP LV  DW DERXW & 7KH DGGLWLRQ RIPDJQHVLXP
PDUNHGO\LQFUHDVHVWKHVWUHQJWKRIDOXPLQLXPZLWKRXWXQGXO\GHFUHDVLQJWKHGXFWLOLW\ >= =KXHWDO$60
+DQGERRN9RO@ $VDUHVXOWWKHUHLVDGHPDQGWRGHYHORSDKLJK0JFRQWHQWQHZ[[[VHULHVDOOR\VIRU
DXWRPRELOH LQGXVWULHV DSSOLFDWLRQV >= =KX HW DO @ ,QFUHDVLQJ WKH PDJQHVLXP FRQWHQW IRUPV GHQGULWLF
QHWZRUNVWUXFWXUHZKLFKLVSUHVHQWLQDQLUUHJXODUVKDSHVXFKDVSODWHVDQGSDUWLFOHV DQGLQFUHDVHVZLWK LQFUHDVH
LQ DPRXQW RI PDJQHVLXP FRQWHQW ,W ZDV DOVR UHSRUWHG WKDW LQFUHPHQW LQ PDJQHVLXP FRQWHQW KDG DFWLRQ WR
VRIWHQLQJHIIHFWGXULQJSUHDJLQJWUHDWPHQWDQGSDLQWEDNHUHVSRQVHUHPRYDORISDLQWZLWKLQFUHPHQWLQ0J







RI PDJQHVLXP RQ WKH PLFURVWUXFWXUDO HYROXWLRQ DQG PHFKDQLFDO EHKDYLRU RI FROG UROOHG $O±0J0Q EDVHG
DOOR\V
 ([SHULPHQWDOSURFHGXUH
7KUHH$O0J EDVHG DOOR\V ZHUH V\QWKHVL]HG IURP FRPPHUFLDO SXUH DOXPLQLXP LQJRW PDJQHVLXP LQJRW DQG
PDQJDQHVHSRZGHU $OOR\VZHUHPHOWHGDQGFDVWHGXVLQJ HOHFWULFDO UHVLVWDQFH IXUQDFH ,QRUGHU WRDYRLGQRQ
XQLIRUPLW\RIFRPSRVLWLRQLQWKHVROLGLILHGFDVWLQJKRPRJHQL]DWLRQZDVFDUULHGRXW 6LPSOHVFKHPDWLFGLDJUDP
LVVKRZQLQ)LJXUH WR LOOXVWUDWHWKHSUHSDUDWLRQVWHSVLQYROYHGLQPDNLQJWKH$O±0J±0QEDVHGDOOR\V 7KHVH
FRPSRVLWLRQ DV VKRZQ LQ 7DEOH  ZHUH VHOHFWHG WR VWXG\ WKH HIIHFW RI 0J RQ WKH PLFURVWUXFWXUDO DQG
PHFKDQLFDOSURSHUWLHV RI FROGUROOHG$O0JEDVHGDOOR\V $VFDVWDOOR\VIROORZHGE\KRPRJHQL]DWLRQZHUHFROG
UROOHGXVLQJ7ZRKLJKUROOPLOO5ROOGLDPHWHULQFKHV530DQGDOOR\VZHUHJLYHQUHGXFWLRQZLWK
WKH KHOS RI  FRQVHFXWLYH SDVVHV 7KH SXUSRVH RI UROOLQJZDV WR LPSURYH WKHPHFKDQLFDO SURSHUWLHV VXFK DV
WHQVLOH VWUHQJWKDQG WR UHILQH WKHJUDLQ VL]HHVSHFLDOO\ WKHJUDLQ OHQJWK UHVXOWLQJ LQ LQFUHDVLQJ WKHGLVORFDWLRQ
GHQVLW\SHUXQLWDUHD
)LJXUH6FKHPDWLFGLDJUDPVKRZLQJSUHSDUDWLRQRI$O0J0QEDVHGDOOR\V
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7DEOH&KHPLFDO&RPSRVLWLRQDQGGHQVLW\RIDOOR\VZW
61R 0J 6L )H &X 0Q &U =Q 7L $O 'HQVLW\RI$V&DVWJFF
'HQVLW\RI&ROG
5ROOHGJFF
6DPSOH           
6DPSOH           
6DPSOH           
7KH;5' ZDVFDUULHGRXWXVLQJ&XDVWKHDQRGHPDWHULDOZLWK .Į ZDYHOHQJWKRIc WRFKDUDFWHUL]HWKH
YDULRXV SKDVHV SUHVHQW LQ WKHVH DOOR\V 7KH VFDQ UDQJH ZDV Û WR Û ZLWK VFDQ UDWH DV Û SHU PLQXWH
0LFURVWUXFWXUDO FKDUDFWHUL]DWLRQ VWXG\ ZDV GRQH WR REVHUYH WKH PLFURVWUXFWXUH RI VDPSOH VXUIDFH 7KLV ZDV
GRQHE\XVLQJVFDQQLQJHOHFWURQPLFURVFRSHZLWK(QHUJ\'LVSHUVLYH;5D\6SHFWURVFRS\('67KHKDUGQHVV




3KDVH DQDO\VLV RI DOO WKH WKUHH DOOR\V LV VKRZQ LQ )LJXUH  ;5' DQDO\VLV RI 6DPSOH  DQG 6DPSOH 
FRQILUPHG WKHSUHVHQFHRIĮ$OSKDVHPDLQO\ +RZHYHU;5'RI6DPSOHFRQILUPHG WKDWĮ$OSKDVHDORQJ
ZLWK $O0Q DQG0J6L SUHFLSLWDWHV DUH SUHVHQW ZKLFK KDV PDJQHVLXP FRQWHQW 3UHFLSLWDWHV ZHUH QRW
FOHDUO\REVHUYHG DVVKRZQLQ;5'SDWWHUQLQFDVHRI6DPSOH0JDQG6DPSOH0JPD\EH
GXHWRWKHSUHVHQFHRIOHVVDOOR\LQJHOHPHQWV
























)LJXUH 7\SLFDO ;5'SDWWHUQRIFROGUROOHG $O0J0QEDVHGDOOR\V
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7DEOH9DOXHVRIș GIRUSXUH$OFROGUROOHGVDPSOHDQGZLWKDVFDVWVDPSOH
3XUH$O 6DPSOH 6DPSOH 6DPSOH 6DPSOH$V&DVW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FRQFOXGHG WKDW DV WKH 0J  LQFUHDVHV  DQG  SODQHV VKLIW WRZDUGV OHIW GXH WR LWV ELJJHU VL]H DV
FRPSDUHGWR$O >9LQRG.XPDUHW DO@
 0LFURVWUXFWXUH&KDUDFWHUL]DWLRQ
)LJXUH  VKRZV WKH 6(0 LPDJHV RI FROG UROOHG 6DPSOH  DQG IRXU GLIIHUHQW W\SHV RI SUHFLSLWDWHV ZDV
REVHUYHG WKHVHDUHFRDUVHU LUUHJXODUVKDSHFRDUVHUVSKHULFDOVKDSH ILQHVSKHULFDODQGURG W\SH7KH LUUHJXODU
VKDSH SUHFLSLWDWHVPLJKW EH$O0Q RU$O0Q)H SUHFLSLWDWHVZLWK VL]H YDU\LQJ IURPP µ0¶7KH
FRDUVHUSUHFLSLWDWHµ1¶KDYLQJVL]HEHWZHHQPDQGPKLJKHUPDJQLILFDWLRQ6(0LPDJHFRQILUPHGWKDW
WZR W\SHV RI YHU\ ILQH SUHFLSLWDWHV µ2¶ DQG µ3¶ DUH SUHVHQW 7KH VL]H RI YHU\ ILQH VSKHULFDO DQG URG OLNH
SUHFLSLWDWHVKDYLQJVL]HQPWRPGLDPHWHUDQGPOHQJWKZLWKDVSHFWUDWLRa±UHVSHFWLYHO\
7KHVHSUHFLSLWDWHV µ2¶ DQG µ3¶ DUH UDQGRPO\GLVWULEXWHG LQĮ$OPDWUL[ ,W LV VSHFXODWHG WKDW WKHVH YHU\ ILQH
SUHFLSLWDWHV PD\ EH0J6L $O0J RU $O0J SUHFLSLWDWHV >$60+DQGERRN YRO   5 ( 5REHUW HW DO
@$GYDQFHVWXG\LVJRLQJRQE\XVLQJWUDQVPLVVLRQHOHFWURQPLFURVFRS\WRFRQILUPWKHVHSUHFLSLWDWHV
)LJXUH7\SLFDO6(0PLFURJUDSKVRIFROGUROOHGVDPSOH DWDORZHUPDJQLILFDWLRQEKLJKHUPDJQLILFDWLRQ
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)LJXUH7\SLFDO6(0PLFURJUDSKVRIFROGUROOHGVDPSOH DWDORZHUPDJQLILFDWLRQEKLJKHUPDJQLILFDWLRQ
)LJXUH7\SLFDO6(0PLFURJUDSKVRIFROGUROOHGVDPSOHDW D ORZHUPDJQLILFDWLRQE KLJKHUPDJQLILFDWLRQ
6LPLODU W\SH RI SUHFLSLWDWHPRUSKRORJLHV REVHUYHG LQ VDPSOH  )LJXUH  VKRZV JUDLQ ERXQGDU\ SUHFLSLWDWHV
ZKLFKLVQRWFRQWLQXRXVLQQDWXUH7KHVHSUHFLSLWDWHVDUH$O0JEDVHGSUHFLSLWDWHVGXHWRKLJKHU0JFRQWHQW
ZW LQ WKLV DOOR\ >5 ( 5REHUW HW DO  $60+DQGERRN YRO  @ ,W FDQ EH VHHQ WKDW WZR W\SHV RI
SUHFLSLWDWHVDUHIRUPLQJRQHDWWKHJUDLQERXQGDU\DQGRWKHURQHLVGLVWULEXWHGWKURXJKRXWWKHPDWUL[µ2¶RUµ3¶
W\SH 0LFURJUDSKVRIFROG UROOHG VDPSOHDUH VKRZQ LQ)LJ ZKLFKVKRZV SODWH OLNH VWUXFWXUHVXQLIRUPO\
GLVWULEXWHGLQWKH ĮSKDVH PDWUL[
 0HFKDQLFDO6WUHQJWK WHVWLQJ
+DUGQHVV RI $O0J0Q EDVHG DOOR\V LQ GLIIHUHQW FRQGLWLRQV VXFK DV KRPRJHQL]HG FRQGLWLRQ DIWHU FDVWLQJ
UROOHGFRQGLWLRQDQGIXOO\$QQHDOHGFRQGLWLRQDUHVKRZQLQ)LJD 7KHDGGLWLRQRIPDJQHVLXPLQWR$O0J




VWUDLQ KDUGHQLQJ UHVSRQVH VXFK DV LQFUHDVH LQ KDUGQHVV YDOXH DIWHU FROG UROOLQJ RI $O0J0Q EDVHG DOOR\V
LQFUHDVHVZLWKLQFUHDVHLQPDJQHVLXPFRQWHQW
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7KHKLVWRJUDPVKRZLQJXOWLPDWHWHQVLOHVWUHQJWK 876 DQGHORQJDWLRQVHH)LJERIDVFDVWDQGFROG
UROOHG $O0J0Q EDVHG DOOR\V 8OWLPDWH WHQVLOH VWUHQJWK GHFUHDVHV ZLWK LQFUHDVH LQ0J FRQWHQW GXH WR WKH
SUHVHQFHRIPRUHGHIHFWVLQFDVHRIDVFDVWVDPSOHV
)LJXUH D&RPSDULVRQRI9LFNHUVKDUGQHVVYDOXHV RIDOOR\VLQIXOO\ DQQHDOHGDVFDVWDQGFROGUROOHGFRQGLWLRQE+LVWRJUDPVKRZLQJ
YDOXHVIRU876DQGHORQJDWLRQRIDVFDVWDQGFROGUROOHG$O0JEDVHGDOOR\V
876YDOXHRIVDPSOH VKRZV PDUJLQDO LQFUHPHQWDIWHUFROGUROOLQJDVFRPSDUHG WRFRUUHVSRQGLQJDVFDVW
VDPSOHDVVKRZQLQ)LJ E +RZHYHUVLPLODUWUHQGZLWKPRUHLQWHQVHHIIHFWZDVREVHUYHGLQFDVHRIVDPSOH
ZKLFKLV GXHWRKLJKHUDPRXQWRI0JFRQWHQWLQWKLVDOOR\>9LQRG.XPDUHWDO@DOVRWKHUHLVD GHFUHDVH
LQ WRWDOHORQJDWLRQRI$O0J0QEDVHG DOOR\V 6DPSOHZDV VHYHUHO\FUDFNHGGXULQJFROGUROOLQJ GXHWRYHU\
KLJK0JFRQWHQW DQGWKHUHIRUHLWVWHQVLOHGDWDLVQRWSUHVHQWHG KHUH %DVHGRQPHFKDQLFDOSURSHUWLHVDVVHVVPHQW
LW FDQEHFRQFOXGHG WKDW0J LQFUHDVHV WKH VWUDLQKDUGHQLQJ  UHVSRQVHRI $O0J0Q EDVHG[[[VHULHVDOOR\V
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